Background: Recent guidelines from an AASLD Single Topic Symposium suggest that patients with cirrhosis, including those with primary biliary cirrhosis (PBC) or primary sclerosing cholangitis (PSC), should be screened for oesophageal varices when the platelet count is ,140 000/mm 3 . Aim: To determine the validity of these guidelines in clinical practice in patients with PBC or PSC. Methods: Retrospective review of individuals undergoing screening upper endoscopy for oesophageal varices at a single centre. Oesophageal varices were reported as being present or absent. Results: A total of 235 patients with chronic liver disease, including 86 patients with PBC (n = 79) or PSC (n = 7), 104 patients with chronic viral hepatitis, and 45 with non-alcoholic cirrhosis of differing aetiologies, underwent a single screening endoscopy between 1996 and 2001. Oesophageal varices were detected in 26 (30%) of the PBC/PSC group, 38 (37%) of the viral hepatitis group, and 21 (47%) of the ''other'' group. Applying multiple logistic regression analysis to the data in the group with PBC/PSC, platelets ,200 000/mm 3 (odds ratio (OR) 5.85 (95% confidence interval (CI) 1.79-19.23)), albumin ,40 g/l (OR 6.02 (95% CI 1.78-20.41)), and serum bilirubin .20 mmol/l (OR 3.66 (95% CI 1.07-12.47)) were shown to be independent risk factors for oesophageal varices. Prothrombin time was unhelpful. The values at these cut offs were not useful in predicting oesophageal varices in the other groups. Conclusion: We conclude that current guidelines recommended by the AASLD Single Topic symposium are invalid in our cohort of patients with PBC and PSC. Patients with a platelet count ,200 000/mm 3 , an albumin level ,40 g/l, and a bilirubin level .20 mmol/l should be screened for oesophageal varices.
S
everal studies indicate the efficacy of primary preventive therapy with non-selective b-blockers to reduce the risk of haemorrhage from oesophageal varices. 1 Variceal haemorrhage is a serious complication of portal hypertension which causes a high mortality rate. The presence of oesophageal varices occurs most commonly as a consequence of cirrhosis. The mortality rate after a variceal bleed has been estimated to be 21% within one month of the event. 2 In 1996, a published report of the AASLD Single Topic Symposium on portal hypertension recommended screening for oesophageal varices in patients with Child's class A cirrhosis when there are signs of portal hypertension, specifically: a platelet count (140 000/mm 3 ) and/or enlarged portal vein diameter (.13 mm), or in patients with Child's class B or C at the time of diagnosis. 1 Schepis et al subsequently performed a cross sectional study to develop a predictive model for the presence of oesophageal varices using these recommendations. 3 Their results validated these AASLD recommendations, and Schepis et al showed that independent variables that predicted the presence of oesophageal varices were: platelet count ,100610 3 , portal vein diameter .13 mm, and prothrombin activity ,70%. 3 The aetiology of liver disease in this cross sectional study was predominately chronic viral hepatitis (77.7%); in only 1.4% was the classification autoimmune liver disease.
Individuals with primary biliary cirrhosis (PBC) or primary sclerosing cholangitis (PSC) may present de novo with variceal haemorrhage early in the course of their disease and even in the absence of established cirrhosis. 4 5 This is thought to be due to portal tract inflammation causing localised vascular damage leading to venous thromboses within the liver resulting in presinusoidal portal hypertension. Gores and colleagues 6 followed 265 patients with PBC for an average of 5.6 years, who at entry into the study had no evidence of oesophageal varices. They noted that 31% developed varices over this time period and 48% had one or more episodes of variceal bleeding. Although the risk of bleeding if varices were present was the same as for other causes of liver disease, survival after the bleeding episode was better in those with PBC, one and three year survival rates being 65% and 46%, compared with a one year survival of only 34% in alcohol related cirrhosis. 7 The explanation given was that patients with PBC were more likely to have preserved hepatic function at the time that they developed portal hypertension. More recently it has been shown that the point prevalence for portal hypertension in patients with PBC was 25%, 8 and that the one year overall survival of patients with PBC with evidence of oesophageal varices was only 63%, regardless of bleeding history. 9 The appropriate time to begin screening for oesophageal varices in patients with PBC is unclear and clinical parameters which suggest the presence of oesophageal varices may differ from those identified in patients with chronic viral induced disease reported by Schepis et al. As a confident clinical diagnosis of PBC can be established without a liver biopsy (antimitochondrial antibody positive, with elevated alkaline phosphatase levels), the stage of liver disease may be unknown and therefore it is particularly relevant to establish guidelines using non-invasive parameters.
The aim of this study was to determine if specific noninvasive measures (platelet count, serum albumin, prothrombin time, or serum bilirubin) were predictors of the presence of oesophageal varices in patients with either PBC or PSC, and whether the predictors were the same as for individuals with cirrhosis due to chronic viral hepatitis or other nonalcohol related causes.
METHODS
Retrospective review was performed of all consecutive patients undergoing gastrointestinal endoscopy for screening for oesophageal varices from 1996 to 2001 at the Toronto Western Hospital, a tertiary referral centre for liver disease. Subjects were eligible if they either had a diagnosis of cirrhosis based on liver biopsy or ultrasound or a diagnosis of PBC or PSC. All patients given a new diagnosis of cirrhosis, PBC, or PSC routinely undergo screening endoscopy for oesophageal varices. Patients with advanced cirrhosis (ChildPugh class C), previous or current history of variceal haemorrhage, hepatocellular carcinoma, history of alcohol related liver cirrhosis, current alcohol abuse, current treatment with b blockers, or infection with human immunodeficiency virus were excluded. Those with cirrhosis due to alcohol were excluded because of the direct effect alcohol could have on the patient's platelet count. Laboratory parameters examined were from blood tested within three months of the procedure. One experienced endoscopist performed all gastrointestinal endoscopies and was unaware of the abdominal examination findings and laboratory results at the time of endoscopy. A criterion for screening for oesophageal varices in patients with cirrhosis was based on their diagnosis of cirrhosis, regardless of laboratory results. On initial evaluation of all patients diagnosed with PBC or PSC, endoscopy for variceal screening was performed regardless of histological states. The presence or absence of oesophageal varices was recorded together with the size of the varices according to the grade I-IV classification. 10 The presence or absence of portal gastropathy was also recorded in the PBC/PSC group.
Data were retrospectively collected based on predetermined variables. Endoscopic findings together with clinical and laboratory variables were entered into a computerised database. Patients were divided into three groups based on the aetiology of their liver disease: PBC/PSC, compensated cirrhosis due to viral hepatitis, or compensated cirrhosis from other non-alcohol related liver disease (''other''). We selected platelet count, serum albumin, bilirubin, and prothrombin time (PT) as possible predictors of the presence of oesophageal varices on endoscopy. The Mayo risk score was also calculated for patients with PBC to determine if it too could predict the presence of oesophageal varices on endoscopy. The research ethics board at the University Health Network, Toronto, Canada, approved the study protocol.
Statistical analysis
Statistical significance of each variable was assessed as a continuous variable. The sensitivity and specificity of each significant variable was estimated by a receiver operating characteristic (ROC) curve. The curve shows the ability of the variable to distinguish between patients with oesophageal varices and those without. The larger area under the ROC curve the better the discriminating ability of the rule. For each significant variable a cut off point was selected based on the variable's ROC curve such that the overall error rate was low taking into account its sensitivity and specificity.
Stepwise logistic regression was used to determine the relationship between the presence of oesophageal varices and the aforementioned variables in patients in all three groups and between the presence of portal gastropathy and these variables in the PBC/PSC group. Variables in the multiple logistic regression analysis were also used to create a probability prediction rule in the PBC/PSC group. One of the measures of the predictive performance is a measure of concordance, the c index, that for logistic regression is identical to area under the ROC curve. Internal validity was assessed by the bootstrap method. 11 A bootstrap sample is obtained by sampling with replacement from the original sample. Therefore, a bootstrap sample may contain a patient 0, 1, 2,…, n times where n is the size of the original sample. Based on the bootstrap samples one can make inference about the population from which the original sample was drawn. Bootstrap validation was compared with other validation methods and recommended as it produces stable estimates and low bias. 12 13 The model for oesophageal varices in PBC/PSC was validated as follows.
(1) Draw a bootstrap sample and perform a logistic regression, selecting the covariates according to stepwise selection criterion. Estimate the logistic regression coefficients, and calculate the c index. (2) Calculate p, the predicted probabilities, for the original data, using the bootstrap coefficients above. Fit the logistic model in the original data: y = a+b6log(p/ (12p)). b is called the calibration slope. (3) Calculate the c index in the original data but using the bootstrap coefficients from step 1.
Steps 1-3 were repeated 100 times. We averaged over the calibration slopes calculated in step 2 to obtain the shrinkage factor. Regression coefficients are multiplied by the shrinkage factor for the final predictive model to improve predictions in future patients. The intercept in the final model is such that predictions agree on average with the observed frequency of the outcome. The difference in the average c index in step 1 and average c index in step 3 is the optimism index.
RESULTS
A total of 236 patients who met all of the inclusion/exclusion criteria underwent at least one screening oesophagogastroduodenoscopy between 1996 and 2001. There were 86 individuals with a diagnosis of either PBC or PSC (77 of these patients had PBC), 104 had cirrhosis due to chronic viral hepatitis, and 45 had another form of non-alcohol related compensated cirrhosis (table 1 platelet count, serum albumin, serum bilirubin, and prothrombin time are described in table 1. The aetiology of cirrhosis in patients in the ''other'' liver disease control group were: autoimmune hepatitis, cryptogenic, haemochromatosis, methotrexate induced, non-alcoholic steatohepatitis, and Wilson's disease. Oesophageal varices were detected in 26 (30%) patients with PBC/PSC, in 38 (37%) of those with cirrhosis due to chronic viral hepatitis, and in 21 (47%) of the ''other'' group. Within the group with PBC/PSC, 11 of 26 patients had oesophageal varices > grade 2, in the chronic hepatitis group 16 of 38 patients had oesophageal varices > grade 2, and in the ''other'' group of cirrhosis 10 of 20 had oesophageal varices > grade 2.
In the group with PBC/PSC, univariate logistic analysis for the presence of varices indicated that platelets, albumin, bilirubin, Mayo risk score, and patient age were all significantly associated with the presence of oesophageal varices. Because the Mayo risk score includes albumin, bilirubin, and age, correlations between the Mayo risk score and these variables have a magnitude between 0.45 and 0.66 and therefore it was not included in the multiple regression analysis. Cut off values were derived based on their specificity, sensitivity, and lowest total error rate according to their ROC curves: platelet count curve AUC 0.79 (SEM 0.06); serum albumin curve AUC 0.78 (SEM 0.06); and bilirubin curve AUC 0.75 (SEM 0.06).
Multiple logistic regression indicated that platelet count ,200 000/mm 3 (odds ratio (OR) 5.85 (95% confidence interval (CI) 1.79-19.23)) (table 2), albumin ,40 g/l (OR 6.02 (95% CI 1.78-20.41)), and serum bilirubin .20 mmol/l (OR 3.66 (95% CI 1.07-12.47)) were the only independent statistically significant parameters which were predictive of the presence of oesophageal varices. The overall x 2 3 = 33.91 (p,0.0001) and the Hosmer and Lemeshow goodness of fit test had a value of 0.3156 (p = 0.9888), indicating the model's adequacy for these data. In our case, the average calibration slope, used as a shrinkage factor for the regression coefficients, was 0.88. The probability of oesophageal varices, as determined based on the original data, was 88% in those individuals with a platelet count ,200 000/mm 3 , serum albumin ,40 g/l, and bilirubin .20 mmol/l (table 3). The adjusted probabilities after the coefficients were shrank (table 3) did not differ greatly from the predicted probabilities in the original data. In our case, the average bootstrap c index was 0.87 and the average c index in the original data was 0.84, therefore the optimism was 0.03. A model predicting the presence of oesophageal varices > grade 2 was not possible due to the low numbers of PBC/PSC patients in this group. Also, because of the low number of patients with PSC in our cohort, we were unable to determine if these results would be valid in only the subgroup of patients with PSC.
In the group with cirrhosis due to chronic viral hepatitis, univariate logistic analysis for the presence of varices indicated that platelets, albumin, bilirubin, and prothrombin time were significant factors. Multiple logistic regression indicated that the only examined variable which reliably predicted the presence of detectable oesophageal varices was a platelet count of ,110 000/mm 3 (OR 4.42 (95% CI 1.89-10.31), ROC curve AUC 0.72 (SEM 0.06)) (table 2).
In the ''other'' group, the only examined variable to predict the presence of detectable oesophageal varices was also a low platelet count of ,105 000/mm 3 (OR 5.49 (95% CI 1.39-21.74), ROC curve AUC 0.69 (SEM 0.08)) (table 2).
Stepwise logistic regression for the presence of portal gastropathy in the PBC/PSC group indicated that platelet count ,100 000/mm 3 was the only variable found to be statistically significant (OR11.24 (95% CI 2.07-62.5), ROC curve AUC 0.7 (SEM 0.07)). Therefore, if the platelet count was ,100 000/mm 3 in a patient with PBC/PSC, the probability of having portal gastropathy was 75%, but if the platelet count was .100 000/mm 3 , the probability of having portal gastropathy was only 21.1%.
DISCUSSION
Laboratory parameters that were investigated to predict the presence of oesophageal varices in this study are routine blood tests done in most patients with chronic liver disease. Multiple logistic regression indicated that in patients with PBC or PSC, platelet count ,200 000/mm 3 , serum albumin ,40 g/l, or bilirubin .20 mmol/l were independent parameters which could reliably predict the presence of oesophageal varices. The ability of these variables to predict whether a patient with PBC/PSC has oesophageal varices had a discriminatory power similar to that indicated in the paper by Schepis and colleagues, 3 in that each of the variable's AUC for their respective ROC curve was approximately 0.70. The two major differences from the study of Schepis and colleagues 3 were the inability of the PT values to help in predicting the presence of oesophageal varices and the higher platelet count found to predict oesophageal varices in our PBC/PSC group but not in patients with cirrhosis due to chronic viral hepatitis. The reason why the PT value was unhelpful could be because, as previously reported, hepatic function in patients with PBC/PSC and oesophageal varices is often preserved. There are several possible explanations why the cut off value for platelets was higher in PBC/PSC patients with oesophageal varices than in patients with other liver diseases complicated by cirrhosis. The presence of thrombocytopenia in patients with portal hypertension occurs by three possible mechanisms. Splenic sequestration and antibody mediated destruction of platelets are known to occur in patients with cirrhosis. 14 15 Moreover, thrombopoietin, a thrombocytopoietic growth factor, is produced in the liver and diminished production plays a significant role in reducing platelets in patients with cirrhosis. 16 17 It may be that the production of thrombopoietin is preserved in PBC/PSC patients with good liver function and this in turn may lead to a higher platelet count cut off when predicting the presence of oesophageal varices.
The natural history of PBC can be reliably predicted using non-invasive investigations. Liver biopsy in PBC may only be performed, if at all, at the time of initial presentation more for prognostic than for diagnostic purposes. Serial biopsies are not routinely performed for staging purposes. The Mayo risk score has been validated as a reliable guide to disease progression in PBC.
Recommendations previously stated by the AASLD, 1 and supported by a prospective study by Schepis and colleagues, 3 have provided clinicians with reasonable guidelines based on clinical, biochemical, and radiographic measurements as to when one should begin endoscopic screening for the presence of oesophageal varices with cirrhosis. Our results also concur with these guidelines in both the cirrhosis due to chronic viral hepatitis group and the ''other'' cirrhosis group but not in patients with PBC or PSC. Our results suggest that screening for oesophageal varices is needed at a much higher cut off for platelet count in PBC/PSC. Zein et al at the Mayo Clinic have recently confirmed this finding in patients with PSC. 18 They suggested that a platelet count of ,150 000 mm 3 would be a satisfactory marker for selecting patients with PSC who are likely to benefit from endoscopy screening for oesophageal varices. Portal gastropathy in patients with PBC/ PSC occurred at a similar platelet count value as has been reported in patients with other diseases causing cirrhosis and portal hypertension. Clinical and biochemical predictors of portal gastropathy have not been previously described in patients with PBC/PSC. Our study showed that a platelet count ,100 000/mm 3 in this patient populations will predict the presence of this condition.
The issue of when to begin and the appropriate interval for screening endoscopy is also more complicated in patients with PBC/PSC. The AASLD recommends that patients with Child's class A who have no evidence of oesophageal varices on initial screening should undergo a repeat endoscopy at two years. Our results suggest one could delay repeat endoscopy in patients with PBC/PSC if they have the following biochemical values: platelet count .200 000/ mm 3 , serum albumin .40 g/l, or bilirubin ,20 mmol/l.
Based on our results, the probability of varices being present in a patient if they have all three of these values is only 5.6%. The non-invasive indicators which indicate that screening endoscopy be performed in all patients with cirrhosis were invalid in our cohort of PBC/PSC patients. Values for the noninvasive indicators from this study should ultimately be validated in a prospective study before being used to determine which patients with PBC or PSC should undergo oesophageal variceal screening endoscopy.
